We present a high-precision chemical analysis of ι Hor (iota Horologii), a planet-host field star thought to have formed in the Hyades. Elements with atomic number 6 ≤ Z ≤ 30 have abundances that are in excellent agreement with those of the cluster within the ±0.01 dex (or 2 %) precision errors. Heavier elements show a range of abundances such that about half of the Z > 30 species analyzed are consistent with those of the Hyades, while the other half are marginally enhanced by 0.03 ± 0.01 dex ( 7 ± 2 %). The lithium abundance, A(Li), is very low compared to the well-defined A(Li)-T eff relation of the cluster. For its T eff , ι Hor's lithium content is about half the Hyades'. Attributing the enhanced lithium depletion to the planet would require a peculiar rotation rate, which we are unable to confirm. Our analysis of ι Hor's chromospheric activity suggests P rot = 5 d, which is significantly shorter than previously reported. Models of Galactic orbits place ι Hor hundreds of parsecs away from the cluster at formation. Thus, we find the claim of a shared birthplace very difficult to justify.
INTRODUCTION
Most open clusters are expected to dissolve into the Milky Way's disk on time scales of a few hundred million years (Janes et al. 1988 ). The Hyades, while easily identified as an open cluster in the night sky, have an age of about 650 Myr (e.g., Perryman et al. 1998; De Gennaro et al. 2009 ). This implies that, most likely, this cluster is already "evaporating;" some of its stars might now be in the field, far from their parent cluster. Indeed, a fraction of the stars in the so-called Hyades stream might be former Hyades cluster stars (Pompéia et al. 2011) , even though it is more likely that the majority of them have been led to have Hyades-like Galactic space velocities by dynamical processes (Famaey et al. 2007) .
One candidate star of the Hyades stream is of particular interest: ι Hor (HR 810, HD 17051, HIP 12653), a naked-eye (V = 5.4 mag) young solar-type star visible in the Southern Hemisphere sky, which is known to host a planet. Analysis of high-precision radial velocity data by Kürster et al. (2000) first suggested the presence of a 2 M Jup minimum-mass planet at 1 AU from the star (see also Zechmeister et al. 2013) . At the time of its discovery, this planet had the most Earth-like orbit known. Exoplanets in the Hyades appeared elusive (Paulson et al. 2004 ) until recent discoveries (Quinn et al. 2014; Mann et al. 2016) . If a true Hyades member, ι Hor would add significantly to the planet statistics of this cluster. Note, however, that planet-host stars in open clusters are not particularly rare (e.g., Quinn et al. 2012; Brucalassi et al. 2014; Malavolta et al. 2016) . Montes et al. (2001) studied the possibility that ι Hor belongs to the Hyades supercluster (or stream). They provide Hyades supercluster mean U, V, W velocities (heliocentric) of −39.7, −17.7, −2.4 km/s, respectively, and used the following values for ι Hor: U = −31.27 ± 0.31 km/s, V = −16.44 ± 0.69 km/s, W = −7.67 ± 1.11 km/s. Montes et al. applied two of the criteria by Eggen (1995) to determine whether a star is moving towards the convergent point of its pressumed supercluster and found that ι Hor satisfies one of them.
Using HARPS spectra, Vauclair et al. (2008) performed a study of acoustic oscillations in ι Hor, which confirmed the stars' young age and super-solar metallicity, both in good agreement with those of Hyades stars. In addition, they measured a helium abundance for ι Hor and claimed a close match to that of the Hyades, as measured by Lebreton et al. (2001) using model fits to the mass-luminosity relation of five binary systems in the cluster. These results led Vauclair et al. to the suggestion that ι Hor was formed in the Hyades, even though today it is about 40 pc away from it and the tidal radius of the Hyades is only 10 pc (Perryman et al. 1998) .
Our goal in this paper is to re-visit Vauclair et al.'s claim of a ι Hor-Hyades connection using more recent and therefore more precise stellar parameter and chemical abundance analysis, in addition to other relevant complementary information on chromospheric activity, rotation, and helium abundance. Instead of looking at only one element besides helium, namely iron, we perform a high-precision, multi-element investigation, including the very important element lithium.
2. THE CHALLENGE OF CHEMICAL TAGGING If formed from the same gas cloud, stars should have identical chemical composition, as long as the cloud was well mixed when stars formed. Thus, to confirm a field star as a former cluster member, one could in principle look into its detailed composition and determine whether it matches that of the cluster. In a way, this is the fundamental premise of "chemical tagging" (e.g., Freeman & Bland-Hawthorn 2002; Hogg et al. 2016) .
High-resolution spectroscopy allows us to investigate elemental abundances in great detail. However, systematic uncertainties in standard model atmosphere analyses (see, e.g., the review by Asplund 2005) limit our ability to measure chemical abundances at an appropriate level for chemical tagging to be a reliable tool. Of particular interest to our study is the fact that in some of the most comprehensive multi-element abundance analyses of nearby disk stars, the Hyades do not stand out in a major way (e.g., Reddy et al. 2006) .
By performing a strict differential analysis of stars that are nearly identical to each other ("stellar twins"), systematic uncertainties can be essentially removed, and thus the use of very high-quality spectra guarantees extremely precise measurements of stellar parameters and relative abundances.
1 Indeed, analysis of twin-star spectra with resolution R 40 000 and signal-to-noise ratio S/N 300 now allows us to determine chemical abundances with 0.01 dex precision.
2 Thus, these new efforts in high-precision spectroscopy (e.g., Meléndez et al. 2009; Ramírez et al. 2014a Ramírez et al. ,c, 2015 Spina et al. 2016) can have an important and significant impact on the prospects for chemical tagging. The reality of the very small uncertainties achieved in this type of analyses has been investigated by Bedell et al. (2014) and supported by comparison with other fully independent high-precision studies such as those by Nissen (2015) .
No comprehensive study of a large sample (several hundred to thousands) of nearby stars at 0.01 dex precision exists yet, but today we can realistically examine small samples of interest like a handful of Hyades stars and ι Hor as a proof-of-concept test. Note, however, that being a bright star, ι Hor has been included in a number of large-sample, multi-element abundance works before (e.g., Adibekyan et al. 2012; González Hernández et al. 2013; Bensby et al. 2014; Ramírez et al. 2014a ). c Signal-to-noise ratio per pixel measured near 6200Å. Liu et al. (2016, hereafter L16) have performed a high-precision spectroscopic study of a sample of Hyades stars, and it is thus a natural starting point for the test discussed above. L16 found that the Hyades open cluster is inhomogeneous. Its stars have a range of abundances that extend over 0.1 dex for most species they analyzed. L16 insisted that this inhomogeneity in chemical composition cannot be explained by residual errors in the analysis. Correlations between enhancements and depletions were observed for most elements analyzed and they were shown to be independent of stellar parameters, minimizing potential systematic errors.
Here we employ high quality spectra of ι Hor and one of its twin stars in the Hyades (HD 28635) to explore the possibility that it was formed in said cluster. By measuring the composition of ι Hor relative to that of its Hyades twin, we are able to compare it to other Hyades cluster stars at very high precision as well because the star chosen as comparison is included in the L16 study.
3. SPECTROSCOPIC DATA Most of the analysis presented in this work is based on high-resolution HARPS spectra (R = 120 000) obtained from the ESO archive (see Table 1 ). Although a number of Hyades stars have been observed with HARPS (in particular within Run ID 094.D-0596(A), PI. L. Pasquini), only a fraction are twins of ι Hor and few have spectra of sufficient quality. The best star that we could find in the ESO/HARPS archive for our purposes is HD 28635, which is one of the targets of the L16 study.
In addition to the HARPS data, we used the spectra employed in L16 to measure the lithium abundances of that sample of Hyades stars and compare them to that of ι Hor. The L16 data were taken with the Tull coudé spectrograph on the 2.7 m Telescope at McDonald Observatory and they have R = 60 000, with a typical S/N 350 − 400 per pixel. We also used a UVES spectrum of ι Hor found in the ESO archive (Program ID 084.D-0965(A)) to measure its oxygen abundance from the triplet lines at 777 nm, a wavelength region not available in the HARPS spectrum. 4. ELEMENTAL ABUNDANCES Stellar parameters and elemental abundances of ι Hor were measured differentially with respect to its twin star HD 28635 using standard 1D-LTE model atmosphere analysis. Since HD 28635 is included in the L16 study, we replicated their analysis so that ι Hor could be simply added to that sample for further investigation. Thus, we employed the same model atmospheres (Kurucz' "odfnew" grid; Castelli & Kurucz 2003) and differential excitation/ionization balance of iron lines to determine the atmospheric parameters. Abundances were calculated using equivalent widths and curve-of-growth analysis with the "abfind" driver of MOOG (Sneden 1973) .
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We employed the q 2 Python code (Ramírez et al. 2014c) 4 for the manipulation of MOOG input and output files instead of the equivalent IDL routines used in L16. A multitude of tests carried out before the publication of L16 by I. Ramírez and F. Liu ensured that these tools provide identical results given equal input data. Thus, the results presented in this paper for ι Hor are on the same scale as those given in the L16 paper.
The differential stellar parameters we obtained for ι Hor are given in Table 2 . The parameters of the reference star, HD 28635, are also listed there, but without error, since they were assumed fixed for these calculations. The parameters adopted for the comparison star are identical to those derived by L16.
The linelists employed in L16 and in this work are almost identical. The small differences stem primarily from the dissimilar wavelength coverage available in each set of data. As in L16, we measured the abundances of C, O, Na, Mg, Al, Si, S, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, and Ba. In addition, we determined the abundances of Sr, Y, Zr, La, Ce, Nd, Sm, and Eu. The linelists used for these species, and hyperfine structure parameters, when necessary, were adopted from Reddy et al. (2006) and Meléndez et al. (2014) .
Our derived differential elemental abundances and their errors are given in Table 3 . As in previous highprecision abundance work, the errors provided there correspond to the line-to-line standard error added in quadrature with the uncertainties obtained by propagating the errors in stellar parameters. For species with fewer than three spectral lines available, the error was assumed to be 0.008 dex, which is the average uncertainty of species for which 3 or more lines are available.
For comparison with the Hyades sample from L16, the b Species code as defined in MOOG.
c Number of spectral lines employed.
abundances we measured for ι Hor relative to HD 28635 were corrected for the relative abundances between this twin star and the reference star in L16, HD 25825, using the values derived by L16. Of the Z > 30 elements analyzed in this paper, only barium is included in L16. Spectral lines of these heavy metals are often weak and blended. Therefore they require extremely high quality spectra to be properly measured. The HARPS data used in this work for the ι Hor -HD 28635 comparison have a higher quality than the McDonald spectra used in L16, primarily because of the significantly higher spectral resolution of the former. We attempted to measure the abundances of all Z > 30 elements listed in Table 3 for the Hyades stars of the L16 work, but we were only able to measure the abundances of Sr, Y, and Ce using equivalent widths. Moreover, not all the lines used to measure the ι Hor minus HD 28635 relative Y and Ce abundances had sufficient quality in the McDonald spectra for us to trust the measured EW values. Thus, these abundances are based on a lower number of spectral lines than used for ι Hor (1 Sr line, 3 Y lines, and 2 Ce lines). The abundances of Sr, Y, and Ce we measured in the McDonald spectra for the Hyades stars from L16 are given in Table 4 . Note that these abundances are given relative to the reference star in the L16 study, which is HD 25825, not the ι Hor twin HD 28635, but corrections were applied whenever necessary in the analysis. The stellar parameters T eff , log g, [Fe/H], and v t used in these calculations are those derived by L16, which are somewhat less precise that our ι Hor -HD 28635 relative parameters. Considering all these factors, it is not surprising that our errors for the Sr, Y, and Ce abundances in Table 4 are larger than the errors listed in Table 3 .
The lithium abundance of ι Hor and all stars in the L16 sample, including HD 28635, were measured using the equivalent widths (EW s) of the 6707.8Å lithium doublet, available in our Tull/2.7 m McDonald spectra, and the lithium abundance interpolator provided by the INSPECT project.
5 The latter uses a grid of non-LTE lithium abundances abundances calculated by Lind et al. (2009) . Our 6707.8Å Li doublet line EW measurements and the lithium abundances inferred from them are given in Table 5 . We also include in this table effective temperatures measured by L16. While the T eff values themselves might have oridinary accuracy, the differences in T eff are extremely precise, having errors of order 10 K. Propagating errors in stellar parameters and taking into account the noise in the spectra we estimate that our lithium abundances have an average error of 0.05 dex. Table 5 includes the rotation periods (P rot ) measured by A. Kundert and published in her thesis.
ROTATION AND ACTIVITY
6 These rotation periods were determined using the rotational modulation of sunspots on light curves observed by the All Sky Automated Survey.
7 The P rot measurements by Kundert are in excellent agreement with previously published values, where available. In fact, based on a comparison with literature values, these rotation periods are estimated to have a 1 σ error of about 0.5 days.
The rotation period of ι Hor was reported to be 7.9 days by , who employed chromospheric activity measurements, while Boisse et al. (2011) report periods in the range from 7.9 to 8.4 days based on a statistical analysis of radial velocity jitter. In a different activity study, find a rotation period of 8.6 days, while Metcalfe et al. (2010) obtained a value of 8.5 ± 0.1 days in their own chromospheric activity periodogram.
The range of previously published rotation periods for ι Hor goes from 7.9 to 8.6 days. A periodogram of radial velocity residuals by Zechmeister et al. (2013) , after subtracting the planet signal, reveals peaks at 5.7 days and 8 days, but these authors do not comment on the significance of the shorter period. Ignoring for a moment this lower value, previously published values for the P rot of ι Hor have an average of 8.2 ± 0.3 days.
Detailed analysis of stellar activity indices such as chromospheric Ca ii H&K and coronal X-ray emission lines suggest a magnetic cycle of about 1.6 yr for ι Hor (Metcalfe et al. 2010; Sanz-Forcada et al. 2013 ). More recently, Flores et al. (2017) have found evidence for a long-term cycle of about 5 years, emphasizing that both the short-term and long-term cycles are irregular, just like the Sun's "11-year" cycle, which lasts anywhere between about 9 and 14 years (Hathaway 2015) .
Using all available HARPS spectra in the ESO archive as of June 2017, we computed relative S HK indices in the standard manner. H and K fluxes were first determined by integrating the count values around the H and K lines multiplied by triangular filters 2.1Å-wide centered around the lines' cores (3968.47 and 3933.66Å, respectively). R and V continuum fluxes were then calculated by integration of counts in the 4001.07 ± 20Å and 3901.07 ± 20Å windows, respectively. Finally, we computed an uncalibrated chromospheric activity index as S HK = (H + K)/(R + V ). Figure 1 shows the variability of the chromospheric activity indices we calculated relative to their average value as a function of time. We include the measurements by Sanz-Forcada et al. (2013, SMARTS) and Flores et al. (2017, CASLEO) in this plot as well, after scaling them to our values using measurement sets taken within 10 days of each other (i.e., by ensuring that the overlaps give the same average S HK ). A generalized Lomb-Scargle (LS) periodogram analysis (Lomb 1976; Scargle 1982; Horne & Baliunas 1986) of our complete S HK dataset, averaged by day to prevent generating a forest of peaks at short frequency, shows maximum power in a 5.0-day peak (Figure 2) . The second highest peak is at 18.4 d, while the third highest peak is at 8.8 d. The 5-day periodicity appears obvious in a subset of data densely concentrated around MJD = 54060 days (Figure 3 ). Since this analysis implies a P rot = 5.0 d that is significantly shorter than virtually all previously reported values, it is necessary to investigate its reliability.
First, we were able to reproduce the long-term activity periods quoted in the literature: 1.6 and 4.6 years. Then, we calculated LS periodograms in 100-day windows, determined the maximum in each window, and plotted them against MJD (sliding LS analysis, as in Clarkson et al. 2003) , finding consistently a short period for the data, particularly during minima of chromospheric activity. We were also able to replicate Metcalfe et al. (2010) analysis of SMARTS data. We produced a LS periodogram identical to that shown in their Figure 2 , which shows only periods longer than about 5.2 days. Interestingly, when we extend the range of this periodogram to include shorter periods, we discover a very narrow peak at 5 days. This peak has slightly more power than the 8.5-day peak that Metcalfe et al. (2010) reported as the star's rotation period. Finally, we calculated a LS periodogram excluding the data points shown in Figure 3 , which reveals clearly the 5-day periodicity, and found that the 5-day period peak does not lose any significant power in the periodogram. In other words, the power in that 5-day period is not entirely dependent on the subset of data shown in Figure 3 The tests discussed above strongly support our finding of a 5-day periodicity in the chromospheric emission data of ι Hor. We find no real reason to exclude this 5-day period as a posible value for the rotation rate of the star. In fact, it appears that this shorter period is more reliable than the 8-day period previously reported by several authors. Thus, hereafter we adopt P rot = 5 days for ι Hor. The situation for Z > 30 elements is more complex. On average, we find ∆[X/H]= +0.008±0.013 dex, which shows an element-to-element scatter larger than the errors. About half of the Z > 30 elements have abundances that are consistent with the −0.010 dex offset of the low-Z elements, but the other half show abundances enhanced by about 0.03 ± 0.01 dex, which corresponds to about 7 %. The latter consists of elements Y, Ba, Ce, Sm, and Eu.
L16 found that the Hyades open cluster is inhomogeneous; Hyades stars have an "allowed" range of elemental abundances. Indeed, Figure 5 shows that the ∆[Fe/H] values measured by L16 relative to their reference star HD 25825 have a range of ∼ 0.1 dex. The abundances we measured for ι Hor, after correcting for the different reference stars employed in this work and in L16, are on the low abundance side of this distribution, but lie well within the allowed range of the Hyades. The same is true for all elemental abundances measured in this work and in L16, with only one possible exception, namely barium (see below).
One could therefore argue that the elemental abundances of ι Hor are consistent with those of the Hyades given their intrinsic scatter. Note, however, that L16 also showed that the relative abundances of different elements in Hyades stars are correlated as opposed to randomly distributed. For example, in Figure 6 we show the correlation between the relative abundances of iron and silicon in the Hyades sample of L16. Although ι Hor is on the low metallicity side of the Hyades elemental abundance distribution, it is in excellent agreement with the overall Hyades trend. Admittedly, Figure 6 corresponds to the pair of elements that have the strongest correlation (and smallest internal uncertainties), but similar results are found for most pairs of elements analyzed by L16. For example, Figure 7 shows the correlation between relative calcium and nickel abundances. Note also that in this case ι Hor is an excellent fit to the Hyades open cluster trend. This is also true for all 6 ≤ Z ≤ 30 elements.
Had we only looked at the elements with atomic number below 30, excluding lithium, we would conclude that the chemical composition of ι Hor is indistinguishable from that of a typical Hyades star. Nevertheless, the heavier elements might cast some doubt on this statement. Figure 8 shows plots similar to those presented in Figures 6 and 7 , but for elements Sr, Y, Ba, and Ce. Of these four elements, only Ba was also studied by L16. For the other three, the abundances were measured in this work.
The location of ι Hor in the four panels of Figure 8 is in excellent agreement with the Hyades trend only for Sr. Note that this element is also consistent with the low-Z elements in Figure 4 , so this result is not at all surprising. It should also be expected that the other three elements are slightly enhanced in ι Hor, not just relative to its Hyades twin, but in relation to the Hyades trends defined by the larger sample from L16. When ∆[Fe/H] is close to zero in Figure 8 , the relative abundances of Y, Ba, and Ce in Hyades stars appear to be near zero as well, or slightly below zero. However, in the corresponding panels of Figure 8 , ι Hor appears clearly over the zero line.
We were not able to measure Eu or Sm abundances for the L16 sample, but based on the results presented in Figure 8 and the discussion above, it would not be surprising that the corresponding plots for Eu and Sm look more like those for Y, Ba, and Ce, than the plot for Sr. After all, these two other heavy elements are also enhanced in ι Hor relative to its Hyades twin by a similar amount ( 0.02 dex). Thus, there are at least five species that all appear to be marginally enhanced in ι Hor relative to the cluster.
It is not trivial to determine in general the dominant process that produces n-capture elements, namely the sor r-process. Nevertheless, models like those by Bisterzo et al. (2014) attempt to estimate their relative contributions for the Solar System abundances and they are often employed to categorize n-capture elements. An element like Ba is considered an s-process element because the sprocess contribution to the Solar System Ba abundance is large, about 85 %, while Eu is considered an r-process element because its s-process contribution is only about 6 %. The test we propose needs to be done using abundance measurements with precision errors of 0.01 dex, which are not yet available.
Lithium, Rotation, and Activity
The top panel of Figure 9 shows the lithium abundances, A(Li), of Hyades stars included in the L16 work as a function of the stars' effective temperatures (open circles). A very strong correlation is found between these two parameters, so we fit the data with a third-order polynomial, which is shown with a solid line in that figure. The star-to-star scatter around that fit is 0.044 dex, after excluding the star HD 27835, which is a marginal outlier in this plot (see below). In the bottom panel of the same Figure 9 , we show the quantity A(Li)- [Fe/H] , that is, a lithium abundance "corrected" for the iron content of each star. A cubic fit is also applied to these data. Interestingly, the star-to-star scatter around this fit is significantly lower, at 0.031 dex. This suggests that at least a small fraction of the scatter seen in A(Li) versus T eff plots, not just of the Hyades cluster, but of late-type stars in general (see, e.g., Figure 1 in Ramírez et al. 2012) , is due to heterogeneity in the chemical composition of open clusters. Figure 9 shows clearly that the lithium abundance of ι Hor is significantly lower than that of Hyades members with similar effective temperature, and therefore similar mass. ι Hor is shown as a five-pointed star in this figure while its Hyades twin, HD 28635, is shown with a filled square. The discrepancy is made obvious by examining the spectra themselves, as done in Figure 10 , which com- pares the spectra of ι Hor and HD 28635. This figure reveals a much weaker lithium absorption in ι Hor relative to its twin. The small difference in effective temperature does not explain the large difference in equivalent width of the lithium doublet at 6707.8Å. Compared to the Hyades, ι Hor has a lithium abundance that is about 0.4 dex too low, which roughly translates to about 50 % of Hyades lithium content. Since the star-to-star dispersion around the A(Li)-T eff fit is only about 0.04 dex, this deficiency is highly significant. There is one Hyades star in L16's sample that also appears to have a low lithium abundance, HD 27835 (T eff = 6070 K), but its departure from the A(Li)-[Fe/H] versus T eff trend is only about 0.1 dex. If ι Hor was born in the Hyades, it must have experienced an enhanced lithium depletion.
The tight correlation between lithium abundance and T eff that we have observed has been seen both in classic works (e.g., Boesgaard & Tripicco 1986; Balachandran 1995) as well as in more recent studies (e.g., Takeda et al. 2013; Cummings et al. 2017 ) of lithium abundances in the Hyades. In these works, very few, if any stars with T eff 6300 K are observed to have unusually low lithium abundances. The so-called lithium dip, a region where the star-to-star lithium abundance scatter increases dramatically, begins at about 6300 K and it could explain significantly low lithium abundances only at T eff 6500 K or warmer, beyond the range plotted in Figure 9 .
Lithium is depleted in cool stars because it is a fragile element that is destroyed at temperatures above 2.5 × 10 6 K, which are already found near the base of convection zones of solar-type stars. Classical stellar evolution models fail at fully reproducing the large range of lithium abundances observed in field and cluster stars (e.g., D'Antona & Mazzitelli 1994). Non-standard mechanisms that enhance lithium depletion are thus often invoked to explain the observational data, with some success (e.g., Michaud 1986; Charbonnel & Talon 2005; Pinsonneault 2010 ).
A number of recent studies have suggested that the presence of planets correlates with low lithium abundance (e.g., Israelian et al. 2009; Delgado Mena et al. 2014) , implying a connection between enhanced lithium depletion and planet formation/evolution. Although the evidence for enhanced lithium depletion in planet hosts has been argued to be a result of observational biases (e.g., Baumann et al. 2010; Ramírez et al. 2012) , there are known physical mechanisms involving planets that could in principle affect the surface lithium abundance of their host stars. Since ι Hor is known to host a gas giant planet, this is an idea worth investigating. Two mechanisms, described below, have been proposed to explain the alleged lithium-planet connection. If a planet migrates towards its host star, the latter is expected to rotate faster to conserve angular momentum. This, in turn, can enhance mixing driven by rotation (see, e.g., Pinsonneault 1997), which facilitates lithium depletion. In the event that a planet gets engulfed, it could replenish the star's convection zone with lithium atoms that did not burn in the planet. However, Deal et al. (2015) have recently argued that this ignores the important effects of "fingering convection," which in fact predict additional surface lithium depletion.
Alternatively, the convection zone of a very young star that is forming planets might be locked-in by magnetic interactions with the protoplanetary disk, leading to a strong differential rotation between the stars' radiative core and its convective envelope (Bouvier 2008) . This could trigger instabilities near the base of the convection zone, enhancing the early lithium burning, particularly if the protoplanetary disk is long-lived. Contrary to the planet migration/engulfment scenario, the latter implies a slower surface rotation rate for the host star. Figure 11 shows the correlation between rotation period and effective temperature of the Hyades stars included in the L16 study. Not all of these stars have a measured P rot value, but enough have been monitored so that an apparent trend emerges. Rotation period appears to decrease with increasing effective temperature such that it is between 8 and 9 days for stars cooler than about 6000 K, while the three stars with T eff 6200 K all have rotation periods slightly below 6 days. The correlation is not perfect, as one star, HD 26767, is clearly rotating too fast (P rot = 6.1 days) for its T eff = 5944 K. This star does not have a peculiar lithium abundance.
Previously-published values of the rotation period of ι Hor are too long compared to the three Hyades stars of similar T eff in Figure 11 . Such slow rotation rate along with the star's unusually low lithum abundance would favor the mechanism proposed by Bouvier (2008) to explain the enhanced lithium depletion and reject the planet migration/engulfment hypothesis. Nevertheless, as we have shown in Section 5, the rotation period of ι Hor is probably shorter than previously thought. In fact, the value that we derive would make ι Hor's rotation rate consistent with that of Hyades stars of equal T eff . If one argues that the low lithium content of ι Hor is somehow due to its known planet, the Hyades connec-5600 5800 6000 6200 6400 tion must be rejected. The fact that ι Hor's P rot matches the Hyades trend might simply indicate that they have a similar age, as suggested by Vauclair et al. (2008) . We should emphasize that the result discussed above is basically determined by three Hyades stars with T eff 6 200 K and P rot 6 days. Although the zero point of the effective temperatures used in this work, which are from L16, is uncertain, the relative T eff values have precision errors of only about 10 K. Thus, these three stars are in fact very similar in T eff to ι Hor. Their rotation periods have been measured by one author only, namely A. Kundert, with the exception of HD 27406 (P rot = 5.47 days), which has a previous P rot = 5.45 ± 0.02 days measurement from Radick et al. (1987) that is in excellent agreement with that derived by Kundert. Thus, the data employed are very reliable, suggesting that this is a robust observational result.
If our estimate of the rotation period of ι Hor were incorrect and the literature value were more precise, one could note that a low lithium abundance and a slower rotation period are a natural consequence of standard stellar evolution. Older stars have had more time to lose angular momentum through winds and deplete more lithium than their younger counterparts. Thus, in that case one could argue that ι Hor is simply older than the Hyades.
For stars which have otherwise identical fundamental properties, Skumanich (1972) predicts a P rot ∝ τ 0.5 gyrochronology law, where τ is the star's age (see also Barnes 2007 Barnes , 2010 . If ι Hor were a "normal" Hyades star in its rotation, then its P rot would be about 5 days. If we rely on previously published works that suggest a P rot value of about 8.2 days, we would infer a gyrochronological age of τ = τ (Hyades) × (8.2/5.0) 1/0.5 = 1.7 Gyr (assuming an age of 650 Myr for the Hyades). 
Dynamical Analysis
The Galactic space velocities U, V, W (heliocentric) of ι Hor are close, but not within the distribution of velocities of Hyades stars, in particular the stars of the L16 study, 8 as shown in Figure 12 . These velocities were computed in the same manner for all stars using the galpy library for Galactic dynamics (Bovy 2015) .
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Since all these stars have precise trigonometric parallaxes, proper motions, and radial velocities, the U, V, W values have errors of order 0.5 km s −1 . If superimposed on the countour diagrams for the mean covariance matrix of space velocities for the large sample of Hyades stars by Perryman et al. (1998, their Figure 16 ), ι Hor would fall outside of the 99.99 % confidence level countour. Thus, strictly speaking, ι Hor does not presently move in the same direction as the Hyades cluster. In order to further examine whether these kinematic properties support the idea of a common origin with the Hyades, we computed the stars' orbits in a Galactic potential using galpy and followed the logic from Bobylev et al. (2011) and Ramírez et al. (2014b) for finding stellar siblings.
We computed the orbits of ι Hor and 15 of the Hyades stars in L16 backwards in time for 650 Myr using the "simple, easy-to-use" Milky Way potential provided in galpy (MWPotential2014). This model consists of a halo, bulge, and disk, but it does not include spiral arms or a central supermassive black hole. The details of the model and the parameters employed are listed in Table 1 of Bovy's paper. At every time step in the simulation, we calculated the distance between ι Hor and the average location of L16's Hyades stars. The result, which is shown in Figure 13 , suggests that even though today ι Hor moves in the same general direction as the Hyades supercluster, in the past, it may have been farther away from the cluster itself. In fact, the farther back in time this simulation is run, the more ι Hor separates from the mean location of the Hyades. Figure 13 implies that at the time the Hyades formed, 650 Myr ago, ι Hor was nearly 400 pc away from the cluster, likely too far to have formed inside the cluster, but arguably within the same spiral arm.
Admittedly, computations of Galactic orbits for individual stars are highly uncertain. In particular, significant differences in the orbital properties would be obtained if the potential from spiral arms were included (Mishurov & Acharova 2011; Martínez-Barbosa et al. 2016) . Nevertheless, one would expect our relatively simple calculation to provide the most optimistic result in this context. 7. CONCLUSION One could say that the detailed chemical composition of ι Hor is consistent with that of the Hyades if only elements with atomic number below 30, excluding lithium, are investigated. This conclusion can be promptly made when employing abundance measurements of ordinary accuracy, but we find it also valid in our high-precision work. Nevertheless, we also find that the abundances of about half of all heavy elements (Z > 30) analyzed are slightly enhanced in ι Hor relative to the Hyades. The latter can only be confirmed when elemental abundances are measured with a precision of 0.02 dex or better.
The lithium abundance of ι Hor is too low compared to Hyades stars of similar effective temperature. If a true member of this cluster, ι Hor's enhanced lithium depletion could be attributed to its planet, but this would require the star to have a peculiar (non-Hyades-like) rotation rate, which is not observed beyond doubt. Furthermore, Galactic orbit calculations suggest that ι Hor was far away from the cluster when it formed.
The suggestion of a ι Hor-Hyades connection by Vauclair et al. (2008) was motivated by the star's kinematic properties, even though only one of the two classic criteria of spatial convergence with the cluster is actually satisfied by this star. The proposed association was argued to be confirmed once a helium abundance measurement was made and reported to be in good agreement with that of the Hyades. However, we note that the helium content of the Universe has not changed significantly since the Big Bang and it therefore provides only a very weak constraint for the common origin hypothesis. Indeed, in the time that metallicity has increased by a factor of 10 (1.00 dex), the helium abundance has increased by about 15 % (0.06 dex; see, e.g., Figure 3 in Balser 2006) . Moreover, since the helium abundance of ι Hor was measured very precisely by Vauclair et al. using acoustic oscillation data, but that of the Hyades was estimated using a different method, namely model fits to mass-luminosity relations of binaries, the agreement might well be purely coincidental.
If not a Hyades member, which appears to be the favored scenario given the data that we have analyzed, our results constitute a challenge for present-day chemical tagging efforts. The latter are capable of measuring abundances with an optimistic uncertainty of 0.05 dex. With those errors, ι Hor would be easily associated, chemically, with the Hyades. However, upon careful analysis, it seems quite unlikely that ι Hor was born in the Hyades cluster. DY acknowledges support from the Australian Research Council (FT140100554). A portion of this work was carried out by EG during the TAURUS program at The University of Texas at Austin, which was partly supported by the National Science Foundation under grant 1313075. DLL thanks the Robert A. Welch foundation of Houston, Texas for support through grant F-634. Some of this work is based on observations made with ESO Telescopes at the La Silla Paranal Observatory under the programs listed in Table 1 and Section 3.
